Objective. Health claims on food packaging are regulated to inform and protect consumers; however, many consumers do not accurately interpret the meaning of the claims. Whilst research has shown different types of misinterpretation, it is not clear how those interpretations are formed. The aim of this study was to elicit the causal beliefs and causal models about food and health held by consumers, that is their understanding of the causal relationships between nutrients, health outcomes, and the causal pathways connecting them, and investigate how well this knowledge explains the variation in inferences they draw about health benefits from health claims.
Health claims are placed on foods to influence consumer choice by emphasizing the health benefits of the food. This practice is effective; health claims influence the perception of healthiness of the product and the likelihood of buying it (Coleman, Miah, Morris, & Morris, 2014; Saba et al., 2010) . To protect consumers, many countries around the world regulate these claims. In the European Union (EU), they are regulated by EU legislation (EC No 1924 /2006 . Only claims that are substantiated by a review of the scientific evidence are allowed. A second requirement is that the claims should be understandable to the average consumer. Whilst the current EU legislation may be effective as a mechanism for the former, it is less effective in ensuring the latter. Many consumers do not accurately understand the meaning of claims (Grunert, Scholderer, & Rogeaux, 2011) , do not distinguish between different types of claims (Nocella & Kennedy, 2012; van Trijp & van der Lans, 2007) , and interpret claims differently from scientists and regulators (Verhagen, Vos, Francl, Heinonen, & van Loveren, 2010) . Whilst this research has demonstrated that consumers do not always interpret claims accurately, it does not show how those inaccurate interpretations are formed. We propose that health claims are interpreted based on consumers' understanding of the causal relationships between nutrients, health outcomes, and the causal pathways connecting them. As consumers have different causal understanding of these relationships, they will form different interpretations of the claims. The aim of the present research was to elicit the causal beliefs and causal models about food and health held by consumers and investigate how well this knowledge explains the variation in the inferences they draw from health claims about overall health benefits.
Causal reasoning about health claims
A typical health claim that a consumer might read is 'Reducing consumption of saturated fat contributes to the maintenance of normal blood cholesterol levels'. Interpreting this claim involves causal reasoning; consumers may ask themselves 'If I reduce my consumption of saturated fat how likely am I to improve my health?' We propose that the answer to this question will depend on their prior knowledge in two ways. First, the strength of the benefit will be influenced by the strength of belief in and familiarity with the claim. Second, the strength of the benefit to overall health will be influenced by their wider causal models of beliefs about overall health.
First, strength of belief and familiarity in a claim may influence the conclusion drawn because inferences drawn in causal conditional reasoning depend on prior causal knowledge about the topic. They are influenced by belief in the strength of association between the cause and the consequent (Quinn & Markovits, 1998) and how many alternative causes for the effect and disabling factors that prevent the effect can be brought to mind (Cummins, 1995; Cummins, Lubart, Alksnis, & Rist, 1991) . This prior causal knowledge is likely to vary between consumers based on their personal experiences. For example, consumers perceive products as healthier if the health claims are personally relevant (Dean et al., 2012) and as more convincing and potentially beneficial if they are familiar with the product and are knowledgeable about foods (Verbeke, Scholderer, & L€ ahteenm€ aki, 2009; Wong et al., 2014) . Our first aim is to elicit the strength of beliefs in the claims to investigate how strongly this factor is associated with the causal inferences they draw about the overall health benefits of consuming the nutrients described in health claims. We will also examine the association between the causal inferences and familiarity with the claim because being aware of a claim may have a different effect compared to believing in the claim.
Second, whilst a claim describes an individual nutrient and a specific health outcome, foods influence overall health outcomes through complex causal pathways. Consumers' understanding of a claim may depend on how the elements in the claim fit within their causal model -their wider network of causal beliefs about health. For example, they may read the claim above and infer that reducing consumption of saturated fats will help maintain normal blood cholesterol levels, but what are the implications of this for their blood pressure, body weight, or risk of developing coronary heart disease? These outcomes are not mentioned in the claim and so interpretation must draw upon their prior knowledge. The wider knowledge structures that consumers hold have been used to explain their interpretation of claims (e.g., Andrews, Burton, & Netemeyer, 2000; L€ ahteenm€ aki, 2013; Lawson, 2002) . For example, the concept 'low in cholesterol' is often misinterpreted as implying 'low in fat'. Andrews, Netemeyer, and Burton (1998) proposed that this misinterpretation arises through activation spreading from one concept to the other within a wider semantic network that connects to concepts beyond those mentioned in the claim. We propose that wider knowledge about food and health will influence causal reasoning about claims too.
Previous research has found that people hold complex conceptual models about the causes of heart health. Green and McManus (1995) asked participants to draw network diagrams reflecting their beliefs about the interrelationships of factors influencing the risk of coronary heart disease and to rate the strength of the causal connections. The strength of causal pathways from causes through to heart disease was a good predictor of their beliefs about the effectiveness of preventative actions, indicating that their judgements of action were based on the network of beliefs within their causal models. French, Marteau, Senior, and Weinman (2002) elicited participants' causal models about heart attacks using network analysis. This technique involves participants rating the causal connection between all possible pairs of factors in a system. A consensual representation is then created that incorporates all or most of the most frequently endorsed causal links. This method has been used to elicit causal models in a range of domains such as environmental ecosystems (White, 2008) and terrorist attacks (Reser & Muncer, 2004) . French et al. found that people held complex causal models about heart attacks, linking distal factors such as the type of work a person does to more proximal factors such as stress and high blood pressure. Our second aim is to elicit the causal models of heart health held by consumers and investigate how strongly this factor is associated with their inferences about overall heart health that go beyond the information presented in the claim.
The current study
To investigate the inferences drawn by consumers, we will present participants with seven claims from the EU register of health claims. Participants will draw inferences from the claims about the effect of consuming the nutrient on overall heart health. 1 We will then elicit their beliefs, familiarity, and causal models of heart health to assess how well each of these types of prior knowledge explains the variation in the inferences drawn from the health claims.
Specifically, participants will rate their belief in the truth and their familiarity with the claims and we predict that these beliefs will predict the strength of inferences drawn from health claims. We will use network analysis to establish the subjective causal models that consumers hold connecting nutrients identified in claims, the health benefits stated in claims, and overall heart health. Participants will rate the strength of connections between all of these factors and these will be used to create a causal model. We predict that the strength of the causal pathways linking the nutrients to the health outcomes derived from the causal models will predict the strength of inferences drawn from health claims.
Method
Participants A total of 400 participants were recruited using a UK-based online panel and survey provider, and completed the study in full (203 males and 197 females, age range: 18-29 = 20.3%; 30-39 = 21.3%; 40-49 = 19.5%; 50-64 = 21.0%; 65 + = 18.0%). All subjects were permanent residents of either Germany (N = 80), the Netherlands (N = 80), Spain (N = 80), Slovenia (N = 80), or the United Kingdom (N = 80), and within each nationality, we obtained a stratified sample of males and females across a range of age groups and educational levels. Participants working in nutrition or dietetics or a food or drink retail or manufacturing and health professionals were excluded from study. Participants received vouchers for completing the survey that could be exchanged for small value items through the survey provider. Participants were recruited from four EU countries to recruit a representative sample of the countries in which these claims are required. Data from all countries were combined for analysis.
Analysis
A within-subject, two-factor design was used to assess the inferences drawn from the claims. The ratings were tested using a 7 (nutrient claim) 9 2 (specific claim outcome vs. overall heart health benefit) ANOVA. The strength of association between the pathways in the causal model and the strength of inference drawn was assessed using a correlational design.
Materials
Reasoning about health claims Seven claims were used. All of the claims were authorized on the EU register on nutrition and health claims (http://ec.europa.eu/nuhclaims/). They were as follows:
(1) DHA and EPA contribute to the maintenance of normal blood pressure. DHA and APA are types of omega-3 fatty acid. (2) Beta-glucans contribute to the maintenance of normal blood cholesterol levels. (3) Reducing consumption of sodium contributes to the maintenance of normal blood pressure. (4) Plant stanols contribute to the maintenance of normal blood cholesterol levels. (5) Reducing consumption of saturated fat contributes to the maintenance of normal blood cholesterol levels. (6) Oat beta-glucan has been shown to lower/reduce blood cholesterol. High cholesterol is a risk factor in the development of coronary heart disease. (7) Plant stanol esters have been shown to lower/reduce blood cholesterol. High cholesterol is a risk factor in the development of coronary heart disease.
The first five are maintenance claims as they refer only to maintaining a health outcome. The last two are risk reduction claims as they refer to reducing the health outcome.
After The questions assess reasoning about the broader health outcome of overall heart health. The claims were presented in the standard format used in causal conditional reasoning research, and all responses were made on an eleven point scale from 0 = 'impossible' to 10 = 'certain'.
The strength of causal inference drawn from the claim was calculated as the difference between the rating of the likelihood of experiencing the health benefit if they consumed the nutrient and the rating if they did not. Simply using the rating of the health benefit after consuming the nutrient on its own is insufficient to understand the effects of the nutrient as participants may judge that they would experience the health benefit irrespective of the nutrient. Therefore, the base rate likelihood of experiencing the health benefit without consuming the nutrient must be subtracted from the likelihood of experiencing the health benefit with consuming the nutrient to isolate the effect of the nutrient on their judgement. A positive difference implies that they have inferred that the health benefit is more likely as a result of consuming the nutrient, and zero or a negative difference implies that the health benefit is not more likely. A large difference in ratings between the effect of consuming and not consuming the nutrient indicates that they have inferred that consuming the nutrient will have a strong effect, whereas a small difference indicates that they have inferred that consuming the nutrient will have a weak effect.
Causal models about heart health Participants rated the strength of the causal effect of the different factors on each other. They did this for each nutrient (omega-3, beta-glucans, sodium, plant stanols, saturated fat) on each of the mediating causal factors (body weight, cholesterol levels, blood pressure) and on overall heart health. They also rated the causal effect of each mediating factor on every other mediating factor and the effect of each of these on overall heart health. That is, they rated all the possible combinations and not just those mentioned in the claims to elicit the whole causal model. For the nutrients, participants were first given a short description of foods containing the nutrient. They were then asked whether consuming the nutrient can cause an increase or a decrease in the causal factor. Response options were as follows: increase, neither increase nor decrease, decrease, or don't know. If they responded that it would either cause an increase or a decrease, they were further asked how much of an [increase/decrease] consuming it can cause. They responded on a ten point scale from 1 = 'very small [increase/decrease]' to 10 = 'very large [increase/ decrease]'. For example, Omega-3 fatty acids (EPA/DHA) Omega-3 fatty acids (e.g., EPA and DHA) are found in cold water oily fish, such as salmon, herring, mackerel, anchovies, and sardines. Plant-based products containing Omega-3 fatty acids include flaxseeds (linseeds), walnut oil, and green leafy vegetables. Do you think consuming OMEGA-3 FATTY ACIDS can cause an increase or a decrease in CHOLESTEROL LEVELS? How much of an [increase/decrease] do you think consuming them can cause?
For the other causal factors, participants were asked to rate whether they think the first factor can cause an increase or decrease in the second factor. Response options were the same as for the nutrient questions.
Belief in health claims
For all of the seven health claims, participants were asked how true they thought the claims were. They responded on a five-point scale from 1 = 'completely untrue' to 5 = 'completely true' or answered 'Don't know'.
Familiarity with health claims
For all of the seven health claims, participants were asked how frequently they had seen or heard about the claims, for example on food packaging, in newspapers and magazines, on television, radio or the Internet, or any other source. They responded on a five-point scale from 1 = 'Never' to 5 = 'Always' or answered 'Don't know'.
All materials were originally created in English and then translated into the language of the other participating countries by a native speaker of that language who was also a subject matter expert. A second speaker of that language translated the materials back into English to confirm the accuracy of the translation.
Procedure
The study was approved by the University ethics committee. All participants completed the study online in their own time. They received written instructions, gave informed consent, and completed the questionnaires in their own language.
Results
Beliefs and familiarity with health claims First, each of the claims was compared to test whether there were differences between them in belief in the claim or the familiarity with the claim. Table 1 presents the mean ratings of belief for each condition. Table 2 presents the mean ratings of familiarity for each condition. As expected, there were differences in all of these measures between claims. There were significant differences in how strongly each belief was held, F (6, 1,158), = 15.03, p < .001, g 2 p = .07. Post-hoc t tests with Bonferroni correction revealed that belief about the claims divided into two groups. Saturated fat and sodium claims formed a high belief group. These were believed similarly and had higher belief ratings than other claims which formed a low belief group: omega-3, beta-glucan maintenance and reduction claims, and plant stanols maintenance. Claims in the low belief group were all believed similarly. The beta-glucan reduction claim also fell in the low belief group, except that it was not different to sodium (all significant differences p < .05). There were significant differences in how familiar each claim was, F (6, 1,728) = 87.04, p < .001, g 2 p = .23. Post-hoc t tests with Bonferroni correction revealed that claims about saturated fat were most familiar, followed by sodium, followed by a small group comprised of omega-3, plant stanol maintenance, beta-glucan reduction, and plant stanol reduction claims that were equally familiar, except that the plant stanol reduction claim was more familiar than the plant stanol maintenance. The beta-glucan maintenance claim was less familiar than all the other claims, except the plant stanol maintenance claim (all significant differences p < .05). Overall, these findings indicate that different health claims differ in how strongly they are believed and how familiar they are. Table 3 presents the mean ratings for causal inferences in each condition. There were significant differences in the inferences drawn for overall heart health benefits, F (6, 2,394) = 52.13, p < .001. g 2 p = 0.12. Post-hoc t tests with Bonferroni correction revealed significant differences in the strength of inferences made about the majority of the health claims. The strongest inferences were made about saturated fat, followed by sodium, followed by the plant stanol and beta-glucan reduction claims which were not significantly different to each other, followed by plant stanols, omega-3, and beta-glucan reduction claims which were also not significantly different to each other, followed by beta-glucan (all significant differences p < .05). Overall, these findings indicate that different nutrients are judged to have different influences on health.
Causal inferences about health claims
Causal models of heart health Participants' ratings of the strength and direction of the causal relations between the nutrients, mediating causal factors, and overall heart health were used to construct a causal model of the different pathways through which participants believe that nutrients affect heart health. A larger absolute rating indicates a stronger link. A positive strength rating indicates that a high level of the first factor causes an increase in the second factor, for example if the link between saturated fat and cholesterol is rated as +0.5, then increased levels of saturated fat cause an increase in cholesterol. A negative strength rating indicates that a high level of the first factor causes a decrease in the second factor, for example if the link between cholesterol and heart health is rated as À0.3, then increased cholesterol levels cause a decrease in heart health. A causal model based on the mean responses of the subgroup of participants who inferred a health benefit for all claims is illustrated in Figure 1 using UCINET. The size of the lines connecting nodes in the causal model is a function of the rating of the strength of the causal connection, with thicker lines indicating stronger connections. The rating of the total causal pathway from each nutrient to overall heart health is presented in Table 4 .
The strength of the pathways from each nutrient to overall heart health was calculated by multiplying the strength of each link in the pathway from nutrient to overall heart health. This was done individually for each participant. For example, if the link between saturated fat and cholesterol is rated as 0.5 and the link between cholesterol and heart health is rated as À0.3, then the pathway between saturated fat and heart health is À0.15. This means that saturated fat increases cholesterol levels (+0.5) and high cholesterol levels reduce heart health (À0.3), so overall the effect of saturated fat is to reduce heart health through a causal pathway of elevated cholesterol. If there are multiple pathways from a nutrient to heart health, then the ratings of these are summed to find the total effect of that nutrient through the combination of several causal mechanisms (Green & McManus, 1995) .
The mean ratings of the pathways for each of the five nutrients were as follows: omega-3 (M = 0.30), plant stanols (M = 0.14), beta-glucans (M = 0.12), sodium (M = À0.22), and saturated fat (M = À0.66). Thus, omega-3, plant stanols, and beta-glucans were rated as has having a positive effect on heart health, and sodium and saturated fat were rated as having a negative effect. There were significant differences in the absolute strength of the pathways between nutrients and heart health F (4, 844) = 50.78, p < .001, g 2 p = .19. Post-hoc t tests with Bonferroni correction revealed three groups. The strongest effects were found in saturated fat and sodium, which were similar to each other. They were rated more strongly than plant stanols and omega-3, which were also similar to each other. Betaglucans were rated as weaker than all the others (all significant differences p < .05).
The association between causal beliefs and inferences about heart health So far, the findings have shown that claims differ in how strongly they are believed, their familiarity, and the inferences drawn from them. They have also described the causal Figure 1 . Causal model of heart health for participants who inferred an effect of each food on heart health. Size of line is a function of the rating of the strength of the causal connection between nodes. models of heart health that participants hold. However, the main aim of this study was to investigate how these are related, specifically how belief and familiarity with the claims and causal models of heart health relate to the inferences that are drawn. To do this, regression models were constructed to assess the relative contribution of each of the predictors to the strength of the inference drawn. Table 5 presents correlations between causal model, belief, and familiarity with health claims and the strength of inferences about overall heart health.
Multiple regression was used to predict the strength of the inferences drawn when reasoning about overall heart health. Separate regression models were tested to assess each of the health claims individually. The predictors in the regression model were the strength of the causal pathway calculated from the causal model between the nutrient and Note. N.B. A positive strength rating indicates that a high level of the first factor causes an increase in the second factor, for example high levels of cholesterol causes an increase in blood pressure. A negative strength rating indicates that a high level of the first factor causes a decrease in the second factor, for example high levels of cholesterol causes a decrease in heart health. overall heart health, the belief in that claim, and the familiarity with that claim. The findings are presented in Table 6 . These show that belief in the claim predicts the strength of inference drawn from it for all claims, but familiarity with the claim only predicts reasoning about omega-3 and beta-glucan maintenance. The strength of the relevant causal pathway within the causal model predicts strength of inference for claims about saturated fat, sodium, plant stanols, and beta-glucan maintenance, but not for omega-3 or beta-glucan reduction.
Subgroup analysis: Comparing groups who do and do not infer health benefits from claims
The regression models provide a measure of the relative contribution of beliefs, familiarity, and causal models to the strength of inferences drawn about the claims. A second way to analyse these data is to compare those participants who correctly infer the health benefit described in the claim from those who do not. This analysis is of practical importance as it identifies the subgroup that does not accept the health advice given. Two subgroups of participants were created: those with a difference score greater than zerothat is those participants who drew the intended inference from the health claim that the likelihood of the health benefit will be greater if they consume the nutrient than not; and those with a difference score of zero or a negative score -that is those participants who inferred that the likelihood of the health benefit will not be greater if they consume the nutrient. These two subgroups were compared to test whether they differed in their beliefs, familiarity, and causal models. Table 7 presents the frequency of participants who did and did not infer a health benefit of the nutrients on overall heart health. A large proportion of the overall sample inferred that there would be no benefit based on the claim. Table 7 also presents the mean ratings for the two subgroups for belief in the claim, familiarity in the claim, and the strength of the causal pathway linking the nutrient and overall heart health. Those who inferred a benefit to overall heart health had greater beliefs in all of the claims except omega-3, only the claim for sodium was more familiar, and they rated the causal link between the nutrient and overall heart health as stronger for beta-glucans, sodium, plant stanols, and saturated fat. Subgroup analysis: Comparing national subsamples A second subgroup analysis compared the national subsamples on all of the measures: belief in the claim, familiarity with the claim, strength of each causal pathway in the causal models, and strength of inferences about heart health drawn from the claim. Bayes factors were calculated to quantify the evidence that countries did not differ on each of these measures. The findings are presented in Tables 1, 2 , 3, and 4. The exploratory nature of these multiple comparisons prevents strong conclusions being drawn about individual countries and measures; however, the overall pattern of findings indicates similarity between countries on many measures, most commonly about beliefs, but also differences between countries, most commonly in the inferences drawn.
Discussion
EU legislation regulates the health claims that can be made about foods to ensure that they are substantiated by scientific evidence. However, despite this, many consumers do not accurately understand or interpret the meaning of the claims (e.g., Grunert et al., 2011; Verhagen et al., 2010) . This study investigated how consumers' understanding of the causal relationships between nutrients, health outcomes, and the causal pathways connecting them explains the variation in their inferences about the benefits described in health claims. First, we investigated consumers' beliefs in the claims and their familiarity with them. These differed for claims about different nutrients even when the type of claim was similar. Claims about saturated fat and sodium were believed more and were more familiar than the other nutrients, omega-3, beta-glucan, and plant stanols. Mirroring this, the inferences drawn about the health benefits of the nutrients were greater for saturated fat and sodium than for the other nutrients. Inferences were drawn about the effect of the nutrient on overall heart health even when a claim referred only to a more specific health outcome such as maintaining cholesterol. Hence, as expected, the inferences drawn about the health benefits of claims varied between different nutrients, different wordings, different participants, and extended beyond the information presented in the claim.
We elicited the causal models of health held by consumers and investigate how strongly they are associated with the inferences drawn from the health claims. A causal model was elicited for each individual, and the causal pathways from nutrient to health outcome via the effect of the nutrient on mediating factors of cholesterol levels, blood pressure, and body weight were calculated. Saturated fat and sodium were found to have the strongest causal pathways, followed by plant stanols and omega-3, followed by betaglucans which had the weakest ratings. However, the key question is -how well do participants' causal beliefs and models about food and health explain the differences in inferences drawn from health claims?
The relative contributions of belief and familiarity of the claim and the causal models of health on the inferences drawn were assessed using regression models. The belief in the claim predicted strength of inference about overall heart health for all the claims. This emerges as the largest factor in explaining the inferences from the claims. However, it is not the only factor. The causal models explained additional variance for inferences about overall heart health for saturated fat, sodium, plant stanols, and beta-glucan maintenance, but not for omega-3 or beta-glucan reduction. This shows that in particular where causal beliefs are strong, for example saturated fat and sodium, causal models provide a significant contribution to health claim interpretations. They also demonstrate how knowledge of causal pathways is associated with consumers' interpretation of the wider health benefits implied by the claim. For example, a claim may state that reducing consumption of saturated fat contributes to the maintenance of normal blood cholesterol levels -but this does not make a claim about overall heart health. Consumers' understanding of the causal pathway linking cholesterol levels to overall heart health explains how they can reason beyond the information in the claim about cholesterol to predict the effect on overall heart health, and these data show that strength of these pathways predicts the strength of this inference.
In contrast, familiarity with the claim was rarely a predictor. Furthermore, the correlations between familiarity and belief in the truth of the claims were relatively low. This suggests that simply frequently endorsing a claim is not a very effective way of convincing consumers of its truth and does not have a strong effect on consumers reasoning about the claim. That is, although omega-3 and beta-glucan claims are less familiar than saturated fat and sodium claims our data suggest that unfamiliarity is not the key driver of this finding -familiarity explains little variance in inferences drawn from most of the claims. Instead, it is lower belief in the claim and weaker causal linkages between omega-3 and beta-glucans and the other health factors that are likely to explain this effect. A consumer may be familiar with a claim but that does not mean they believe it or understand how it could affect their health.
Whilst these analyses examine the variation in strength of inference drawn from the health claims, an interesting subgroup are those participants who inferred that the likelihood of the health benefit will not be greater if they consume the nutrient. These participants reject the health claim made as they do not conclude there will benefit from the claimed health outcome. These subgroups differed in causal knowledge from those participants who inferred a benefit from the health claim. The subgroup who concluded there would be no health benefit believed all of the claims less than the subgroup who inferred a benefit, and the rating of the causal pathways was weaker (or approaching significantly weaker, p < .08) for all claims. Familiarity with the claim did not differ for most claims. Ratings of causal beliefs and causal models about heart health are lower in consumers who infer no health benefits from the claims.
A second subgroup analysis compared the national subsamples on all of the measures: belief in the claim, familiarity with the claim, strength of each causal pathway in the causal models, and strength of inferences about heart health drawn from the claim. This indicated that whilst there are many similarities between the countries, there are also some differences. Tentatively, the findings suggest that the differences appear larger on nutrients that are rated as more familiar: sodium and saturated fat. This subgroup analysis supports our overall finding that differences in beliefs and causal models influence the conclusions that consumers draw from claims and further adds to it by suggesting that those differences sometimes exist between countries as well as at the individual level.
This study has number of strengths. Detailed information about the cognitive representations that participants hold concerning heart health was elicited. This was linked quantitatively to a task that assessed inferences drawn from several claims. The sample was drawn from several EU countries. There are, however, some limitations. We cannot infer causal relations between the cognitive representations and the inferences drawn from claims given our correlational data. Future research could manipulate causal models of health through education and assess the impact this has on claim interpretation. Second, we have focused on a specific domain and a subset of claims within that domain. Future research could assess the generalizability of these findings to other areas. The causal reasoning framework has been developed to apply to a range of domains so the reasoning process is likely to be the same in other areas. However, it is possible that causal knowledge, developed informally by consumers through different media, may vary in accuracy and application. Finally, it is possible that the sample of participants who completed the study was more interested in health than the general population, biasing the findings. Whilst this may be the case, the analysis focuses on variations within the sample meaning that it is possible to answer the research question about the relative contribution of causal knowledge about food to claim interpretation even if it is the case that the sample as a whole is more informed than the population. Furthermore, the wide range of knowledge within the sample, including a significant proportion that does not accept the claims, suggests that this is not a sample that is strongly skewed towards participants who readily accept health claims. The range of opinion is diverse.
In conclusion, participants' interpretation of claims is associated with two factors. First, belief in the truth of the claim predicted strength of inference about health benefits. Second, causal models of health were found to independently predict the inferences about health benefits drawn from claims. Where a nutrient was part of a strong causal pathway to health, stronger inferences were drawn from the claim than when the causal pathway was weak. Participants drew inferences about overall health benefits of the nutrients that went beyond the information in the claim by extrapolating from their causal models of health. A subgroup of participants rejected the health claim as they did not conclude that they would benefit from the claimed health outcome, and this subgroup believed the claim less and rated the causal pathways as weaker than those who inferred a benefit from the health claim. Therefore, belief in the truth of the claim and causal models of health are both used to interpret health claims and draw inferences about overall health benefits of the nutrients that go beyond the information in the claim. These findings suggest that efforts to improve consumers' understanding and interpretation of health claims must address both their wider causal models of health and their knowledge of specific claims in order to ensure that existing claims are appropriately interpreted and future claims relating to newly approved functional ingredients are potentially more acceptable to consumers (Sir o, K apolna, K apolna, & Lugasi, 2008) .
